Commercial local anaesthetic solutions have an acidic pH to maximise their water solubility and chemical stability. This increases their shelf-life. immediately before injection, alkali can be added to raise the pH towards the physiological pH. This is called 'alkalinisation' or 'buffering' of the solution. Anaesthetic activity is dependent on having both the ionised and non-ionised forms of the drug present after injection. Alkalinisation increases the proportion of non-ionised drug and this could be advantageous. Care must be taken, because if too much alkali is added, the local anaesthetic will precipitate. when used for infiltration anaesthesia or block of small nerves, alkalinised solutions of local anaesthetic are less painful when injected. The onset of local anaesthesia may also be slightly quicker. For epidural anaesthesia or block of large nerves the amount of time saved is minimal and so alkalinisation is not practically useful for these procedures.
introduction
After the injection of a local anaesthetic solution into the tissues there is a delay until the anaesthetic block is working satisfactorily. one technique that may decrease this delay is referred to as 'alkalinisation' of the local anaesthetic solution. 1 This means adding a planned amount of a basic solution (typically sodium bicarbonate) to the local anaesthetic solution before injecting it into the target tissues. This practice may also decrease the pain on injection of the solution. 2 Two key questions to be addressed are: The importance of the pKa-pH relationship is that this knowledge allows the calculation of the relative amounts of these two forms. When the pH is equal to the drug's pKa, 50% of the drug is in the uncharged form, and 50% is in the charged form. In acidic solutions most of the drug will be in the charged When a sufficient length of an unmyelinated nerve is impaired in this way, a nerve action potential in that nerve axon is blocked. For a myelinated nerve, the sodium channels are located primarily at the nodes of Ranvier. The channels in several adjacent nodes in the axon have to be blocked to prevent transmission of an action potential.
Commercial local anaesthetic solutions
The pH of a commercially available local anaesthetic solution has to be acidic to maximise stability in solution and shelf-life. 
Alkalinisation to reduce onset time
For epidural anaesthesia, pain on injection of the local anaesthetic is not a major issue, but time to achieve surgical anaesthesia is important. onset of epidural anaesthesia is quicker with alkalinised local anaesthetic solutions, but only by a few minutes. 5 More time is taken up in preparing the modified solution than is gained by using it. onset time can be ■ ■ stability -the uncharged base form is more unstable at physiological pH so degradation is minimised at a low pH where the drug is predominantly in the charged form ■ ■ stability of adrenaline -the adrenaline added to some local anaesthetic solutions is unstable at the physiological pH and more stable at an acidic pH.
Commercially available acidic local anaesthetic solutions have a pH of typically 3.5 to 5.5 and have a shelf-life of three to four years. This pH is so far below the drug's pKa that essentially all the drug is present in the more stable, charged, water-soluble form. Hydrochloric acid is added to lignocaine solutions to achieve this low pH.
Local anaesthetic solutions containing adrenaline are generally at a lower pH than the same solution without adrenaline ('plain solution'). The low pH is often said to be the cause of the pain on injection, but the relationship between this pain and pH is not simple.
Alkalinisation of local anaesthetic solutions
A basic solution can be added to a local anaesthetic solution immediately before injection to raise the pH. The practice of adding a basic solution to the local anaesthetic solution is sometimes referred to as buffering. This terminology is wrong. Alkalinisation is a more accurate term. A buffer is a solution that tends to resist a change in its pH whether an acid or a base is added to it. The aim of adding a basic solution to the local anaesthetic solution is to raise the pH, not to resist the change in pH, so this practice is not buffering. In contrast, after injection of the local anaesthetic solution the tissues function as buffers as they tend to minimise the change in tissue pH which occurs when an acidic local anaesthetic solution is injected.
The basic solution that is added has to be carefully specified and mixed (Table 1) . If too much is added then the pH rises too far and the non-charged basic form will precipitate out of solution.
This will be detected as a white clouding of the solution.
Provided precipitation does not occur, alkalinisation does not adversely affect the efficacy of the local anaesthetic solution. 2 As precipitation increases with time, alkalinised local anaesthetic solutions should generally be freshly prepared and used promptly. They should not be used for infusions. 3 
